Abstract. Nine H ii regions of the LMC were mapped in 13 CO(1-0) and three in 12 CO(1-0) to study the physical properties of the interstellar medium in the Magellanic Clouds. For N113 the molecular core is found to have a peak position which differs from that of the associated H ii region by 20 ′′ . Toward this molecular core the 12 CO and 13 CO peak T MB line temperatures of 7.3 K and 1.2 K are the highest so far found in the Magellanic Clouds. The molecular concentrations associated with N113, N44BC, N159HW, and N214DE in the LMC and LIRS 36 in the SMC were investigated in a variety of molecular species to study the chemical properties of the interstellar medium. I(HCO + )/I(HCN) and I(HCN)/I(HNC) intensity ratios as well as lower limits to the I( 13 CO)/I(C 18 O) ratio were derived for the rotational 1-0 transitions. Generally, HCO + is stronger than HCN, and HCN is stronger than HNC. The high relative HCO + intensities are consistent with a high ionization flux from supernovae remnants and young stars, possibly coupled with a large extent of the HCO + emission region. The bulk of the HCN arises from relatively compact dense cloud cores. Warm or shocked gas enhances HCN relative to HNC. From chemical model calculations it is predicted that I(HCN)/I(HNC) close to one should be obtained with higher angular resolution ( < ∼ 30 ′′ ) toward the cloud cores. Comparing virial masses with those obtained from the integrated CO intensity provides an H 2 mass-to-CO luminosity conversion factor of 1. 
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Introduction
The Large Magellanic Cloud (LMC) and the Small Magellanic Cloud (SMC), the two galaxies closest to the Milky Way, provide unique opportunities to study astrophysical processes (e. g. Westerlund 1991) . In regard to the interstellar medium, there are three outstanding properties which motivate detailed investigations: (1) the Magellanic Clouds consist of material characterized by a smaller metallicity than the Milky Way; (2) their UV radiation fields are stronger than in the solar neighborhood; (3) they provide a large number of targets at a well determined distance. The first two properties have far reaching consequences for the astrophysical conditions of the interstellar medium: an absence of dust and extinction in the molecular cloud envelopes results in reduced shielding against the intense UV radiation and decreases the sizes of molecular clouds relative to atomic gas components (e. g. Lequeux et al. 1994) . The low metallicities are also expected to have consequences on molecular abundances. The ESO-SEST Key Programme (e. g. Israel et al. 1993) included observations of the 12 CO(1-0) and 13 CO(1-0) spectral lines toward IRAS sources and H ii regions in the LMC and the SMC. With the Australia Telescope Compact Array in Narrabri, Hunt & Whiteoak (1994) discovered a second 4.8 GHz compact radio component in the LMC H ii region N159 (hereafter N159HW), where no Hα emission had been found. This detection motivated our search for 13 CO(1-0) cores offset from the centers of some of the most prominent H ii regions. In order to determine the position of brightest emission in molecular clouds, we thus mapped nine H ii regions in the LMC, which have particularly strong 12 CO(1-0) and 13 CO(1-0) line intensities according to the ESO-SEST Key Programme. Toward peaks of three of these sources and N159HW we also made 3 mm multiline studies to elucidate the chemical and physical conditions of the cloud cores.
The SMC is even more metal poor than the Large Magellanic Cloud. Hence a comparison of molecular data from a variety of environments like the inner and outer Galactic disk and the LMC also has to include the SMC. This widens the range of covered metallicities by a factor of 3. In previous studies, the molecular line observations toward the SMC were confined to 12 CO and 13 CO transitions (Rubio et al. 1993a,b) . We therefore observed LIRS 36, which shows the brightest 12 CO(1-0) and 13 CO(1-0) emission peaks observed with the ESO-SEST Key Programme, in a variety of molecular transitions. 
Observations
Positions and radial velocities of the sources observed are displayed in Table 1 . Using the 15-m Swedish-ESO Submillimetre Telescope (SEST) at La Silla, Chile, most of the λ ≈ 3 mm measurements were carried out in September 1993, May 1994 and January 1995. Frequencies of observed transitions (taken from Lovas 1992) and correspondent antenna beamwidths are summarized in Table 2 . A Schottky 3-mm receiver yielded overall system temperatures (T sys ), including the sky, of order 400 K on a main-beam bright- ness temperature (T MB ) scale. T sys was significantly higher only for 12 CO(1-0), reaching 800 K. In January 1996 a new SIS receiver was employed with T sys ≈ 500 K for the J=1-0 transitions of 12 CO and 13 CO. The backend was an acousto-optical spectrometer with 2000 contiguous channels and a channel separation of 43 kHz (0.11 -0.15 km s −1 for frequency range 115 -85 GHz). The observations were carried out in a dual beam-switching mode (switching frequency 6 Hz) with a beam throw of 11 ′ 40 ′′ in azimuth.
12 CO(1-0) measurements were also carried out in a frequency-switching mode. A comparison of these two sets of data showed consistency in line shapes and intensities, confirming that insignificant emission was present at the reference positions. The on-source integration time of each spectrum varied from 8 minutes for 12 CO to 260 minutes for HCN toward LIRS 36. All spectral intensities obtained were transformed to a T MB scale, and corrected for a main-beam efficiency 0.74 (Dr. L.B.G. Knee priv. comm.). The pointing accuracy, obtained from measurements of SiO maser sources, was better than 10 ′′ . The software package CLASS was used for data reduction. In most cases a linear baseline correction was sufficient. A higher order baseline was occasionally needed for the spectra obtained in the frequency-switching mode, but in all cases the spectral lines were sufficiently narrow so that baseline removal posed no problems. a) The three HCN hyperfine transitions (F =1-1, F =2-1, F =0-1) have been resolved by a gaussian fit. While TMB values for each component are given, the total integrated line intensity refers to the entire line. b) Only J=3/2-1/2 transitions of CN(N =1-0) were covered by the high-resolution AOS backend; two of the hyperfine transitions (F =3/2-1/2 and F =5/2-3/2) were detected. a) The frequency of the main transition, HCN(1-0 F =2-1), is given. The three hyperfine transitions (F =1-1, F =2-1, F =0-1) remain unresolved. The relatively large spectral linewidth is caused by blending of these components. b) Only J=3/2-1/2 transitions of CN(N =1-0) were covered by the high-resolution AOS backend; the F =5/2-3/2 hyperfine transition was detected. a) The three HCN hyperfine transitions (F =1-1, F =2-1, F =0-1) have been resolved by a gaussian fit. While TMB values for each component are given, the total integrated line intensity refers to the entire line. b) Only J=3/2-1/2 transitions of CN(N =1-0) were covered by the high-resolution AOS backend; three of the hyperfine transitions (F =3/2-1/2, F =5/2-3/2, and F =1/2-1/2) were detected. c) For undetected molecular lines, upper limits of 3 × r.m.s. are given for TMB dv. a) The frequency of the main transition, HCN(1-0 F =2-1), is given. The three hyperfine transitions (F =1-1, F =2-1, F =0-1) remain unresolved. The relatively large spectral linewidth is caused by blending of these components. b) Only J=3/2-1/2 transitions of CN(N =1-0) were covered by the high-resolution AOS backend; the F =5/2-3/2 hyperfine transition was detected. c) For undetected molecular lines, upper limits of 3 × r.m.s. are given for TMB dv.
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CO maps toward HII regions in the LMC
13 CO maps defining the molecular clouds were obtained with a spacing of 30 ′′ toward the H ii regions N79, N83A, N11, N105A, N113, N44BC, N55A, N160, and N214DE (20 ′′ spacing) in the LMC. In addition, 12 CO maps with the same spacing were obtained for N113, N44BC, and N214DE (see Table 1 ). The 13 CO(1-0) transition is very effective for mapping molecular clouds in the Magellanic Clouds, because the emission providing direct information on column density is strong enough for short integration times. The contour maps are shown in Fig. 1, Fig. 2 .b, Fig. 3 .b, and Fig. 4 .b. In most cases, the offsets of the 13 CO peak from the Hα center are within the pointing error of the SEST. Nevertheless, this is not the case for N113, N214DE, and N160, where right ascension and dec- ′′ , −20 ′′ ), respectively. In N113 the position of the 13 CO peak is confirmed by a 12 CO map obtained with a spacing of 20 ′′ in the frequency-switching mode. The map shows a compact core which is similar to that observed in 13 CO (Fig. 2.a) . However, contour maps of N44BC and N214DE ( Fig. 3 and Fig. 4) show quite different 12 CO and 13 CO distributions.
Multiline study of the Magellanic Clouds
Previously, a comprehensive molecular-line study of an individual Magellanic Cloud H ii region has been made only for N159 (Johansson et al. 1994) . While interesting differences between the interstellar medium of the LMC and that of the Galaxy were found, results for one object may not be typical for the entire galaxy. Furthermore, differences in the properties of the rarer molecular species between the LMC and the SMC have not been studied. To further our understanding in these areas, we have observed a variety of λ=3 mm molecular transitions toward the molecular cores of N113, N44BC, N159HW, and N214DE in the LMC, and LIRS 36 in the SMC. The spectra are shown in Figs. 5 to 9, respectively. The corresponding line parameters of the molecular species, including HC 2 , HCN, HCO + , HNC, CS, 13 CO, CN, and 12 CO, are summarized in Tables 3 -7 (for the line frequencies  and antenna beamwidths, see also Table 2 ). Toward some of the sources, individual hyperfine components of HCN and CN can be identified. While relative intensities of the CN features are consistent with Local Thermodynamic Equilibrium (LTE) and optically thin line emission, the HCN features show deviations from LTE which are discussed in Sect.4.2.2.
Observations of CO isotopomers in the Magellanic Clouds
To gain insight into the isotopic composition of the interstellar medium of the Magellanic Clouds, three carbon monoxide isotopomers ( 12 CO, 13 CO, and C 18 O) were observed toward the molecular cores of N113, N44BC, N159HW, and LIRS 36, and C 17 O was also measured toward N113 and N44BC. The spectra are shown in Fig 10 . 
Discussion
In the following, cloud stability, N H2 /I CO conversion factors, cloud chemistry, and isotope ratios will be discussed for the molecular cores we have observed near prominent H ii regions.
Gravitational stability of the mapped clouds
For the molecular clouds which have been mapped in the 13 CO(1-0) transition, we can estimate the virial mass, which depends only on the linewidth ∆v 1/2 and the (intrinsic) cloud diameter D. Assuming a spherical cloud geometry and constant gas density in the clouds, M vir can be obtained from
where G is the gravitational constant. In terms of astronomically convenient units, this relation becomes
which is correct to within 10% also for a 1/r density profile, and to a factor of two if n(H 2 ) ∝ 1/r 2 (e. g. MacLaren et al. 1988) . The angular cloud diameter α can be calculated from the observed angular diameter α obs defined by the contour maps with
where HP BW , the half power beam width, ≈ 45 ′′ at the frequency of the 13 CO J=1-0 transition. a) The assumed distance to the LMC is 50 kpc.
The stability of the clouds can be evaluated by comparing the turbulent kinetic, thermal, and gravitational energy (e. g. Harju et al. 1992) . The turbulent kinetic energy E turb can be estimated from
The one-dimensional turbulent velocity dispersion σ is related to the (intrinsic) linewidth by
where m13 CO is the mass of the 13 CO molecule; k is the Boltzmann constant, and T is the kinetic temperature, assumed to be 30 K (see e. g. Figs. 2a and 5a of Lequeux et al. 1994 ). The intrinsic line width ∆v int is derived from the observed line width ∆v obs and the velocity resolution ∆v res (0.12 km s −1 for our 13 CO(1-0) measurement) by:
or ∆v int ≈ ∆v obs , if ∆v obs ≫ ∆v res . The thermal energy can be estimated from
where N is the total number of H 2 molecules. An upper limit for N can be derived from N = M vir /m H2 .
Assuming a homogeneous sphere, the gravitational energy can be expressed as:
The cloud parameters of most of the mapped H ii regions are displayed in Table 9 . The gravitational energy is larger than the turbulent kinetic energy and much larger than the upper limit of thermal energy, i. e., E grav > E turb ≫ E therm . Thus all listed H ii regions seem to be gravitationally unstable. Taking the magnetic energy density B 2 /8π and assuming a uniform magnetic field strength, the magnetic fields required for cloud equilibrium are also given in Table 9 . While the results can only be judged to be order of magnitude estimates, it is interesting to see that the calculated magnetic field strengths of several 10 to 120 µG are slightly larger than the observed magnetic fields in star-forming regions which only refer to the large scale magnetic component parallel to the line of sight (for a summary, see e. g. Fiebig & Güsten 1989; Heiles et al. 1993; Vallée 1995) .
For the observed H ii regions the virial masses have been obtained and the gravitational stability has been checked (see Sect. 4.1 and Table 9 ). Since the 12 CO(1-0) emission has also been measured toward N113 and N44BC, the H 2 mass-to-CO luminosity conversion factor can be derived with
where 1.36 is the correction to include helium and metals (likely an overestimate but consistent with the value taken in other studies), m H2 is the mass of an H 2 molecule, I u,i and I l,i are the integrated intensities of the upper and lower contours confining the area A i (in cm −2 ; n: number of contours). X = [N H2 /I CO ] is the conversion factor between integrated 12 CO J=1-0 intensity (in K km s −1 ) and H 2 column density (in cm −2 ). For our Galactic disk X = 2.3 × 10 20 mol cm −2 (K km s −1 ) −1 is standard (Strong et al. 1988 ). This conversion factor was based on the CO survey by Dame et al. (1987) . A reevaluation of the calibration scheme at the Columbia telescopes (Bronfman et al. 1988 ) has shown that the CO intensity scale was too low by 22%, thus yielding a conversion factor X Gal = 1.9 × 10 20 mol cm −2 (K km s −1 ) −1 . In the LMC X LMC ≈ 6 X Gal was determined by Cohen et al. (1988) . Assuming M gas = M vir we get conversion factors of X N113 = 1.8 × 10 20 mol cm −2 (K km s −1 ) −1 and X N44BC = 2.4 × 10 20 mol cm −2 (K km s −1 ) −1 , which are smaller than the value from Cohen et al. (1988) , but close to that in the Galactic disk and that determined by Garay et al. (1993) for the 30 Doradus halo where a value of 2.8 × 10 20 mol cm −2 (K km s −1 ) −1 was determined. For the SMC Rubio et al. (1993b) found with X SMC = 9 × 10 20 (R/10 pc) 0.7 mol cm −2 (K km s −1 ) −1 a dependence on linear scale length (i. e., beam radius). It seems that the large H 2 mass-to-CO luminosity conversion factor determined by Cohen et al. (1988) for the LMC is caused by a similar scale length dependence. This can be explained by the fact that the molecular clouds are, in general, smaller than the beam size and that the interclump gas is mainly in an atomic phase, not contributing to the integrated CO emission. For compact molecular hot spots in the LMC, the conversion factor appears to be close to the Galactic disk value, in good agreement with the result of Johansson (1991) .
Molecular intensity ratios
In Table 10 we present the observed integrated line intensity ratios for the LMC and the SMC. A comparison of these ratios with those from Johansson et al. (1994) for N159, Galactic H ii regions, the shocked molecular gas associated with the supernova remnant, IC 443, the diffuse absorbing gas toward W49N, and a sample of prominent nearby galaxies is also displayed. Most ratios from the sample of Magellanic Cloud sources show self-consistency but indicate significant differences when compared with other classes of objects.
In analyzing molecular line intensities and line shapes, it is often difficult to disentangle abundance variations from changes in excitation conditions. There are, however, ways to circumvent the problem. By observing molecular species with similar excitation properties (i. e. similar electric dipole moments and rotational constants) but with different chemical properties, changes in both chemical and physical conditions may be identified assuming common excitation properties. A good choice is a combined study of HCN, HCO + , and HNC in their ground rotational J=1-0 transitions. While optical depths cannot be directly determined for most of these species due to a lack of hyperfine splitting, relative intensities provide qualitative information on relative abundances.
12 CO, 13 CO, and C 18 O intensity ratios are also important for an estimate of 12 CO opacities and to constrain 13 CO/C 18 O abundance ratios.
In the following, intensity ratios between e. g. the J=1-0 transitions of HCN and HNC will be given as I(HCN)/I(HNC), while the column density ratio is denoted by N (HCN)/N (HNC).
HCO + versus HCN
As mentioned before, HCO + and HCN molecules have similar electric dipole moments and rotational constants. The observed I(HCO + )/I(HCN) intensity ratio thus reflects directly the abundance ratio, i. e., N (HCO + )/N (HCN) > 1 if I(HCO + )/I(HCN) > 1 and vice versa. Our observations indicate that the I(HCO + )/I(HCN) ratios in the LMC and SMC are higher than in the remainder of the sample given in Table 10 (with the notable exceptions of M82, e. g. Kronberg et Table 10 . Integrated J=1-0 or N =1-0 intensity ratios in the observed H ii regions, in Galactic molecular clouds and in some external galaxies. For IC 443 and W49N, we give abundance ratios. a) Transitions are J=1-0 or N =1-0 for all molecular species except for CS. For CS, J=2-1 intensities were taken. CN line intensities refer to detected N =1-0 hyperfine components. b) Johansson et al. (1994) . c) Baudry et al. (1980) , Lada (1976) , and Turner & Thaddeus (1977) . d) Nyman et al. (1993) . e) Ziurys et al. (1989) . f) Nyman & Millar (1989) . g) Henkel et al. (1993) . h) Hüttemeister et al. (1995) . i) Israel (1992) . j) CS data from Mauersberger & Henkel (1989) , CN data from Henkel et al. (1993) . k) Sage & Isbell (1991) . l) . m) Nguyen-Q-Rieu et al. (1992) . n) CN data from Henkel et al. (1988) , HCN data from Nguyen-Q-Rieu et al. (1992) . o) CS data from Mauersberger & Henkel (1989) , CN data from Henkel et al. (1988) . p) Nguyen-Q-Rieu et al. (1989) . q) HC2 data from Henkel et al. (1988) , HCN data from Nguyen-Q- Rieu et al. (1989) . r) Henkel et al. (1990) . s) Henkel et al. (1994) .
al. 1985, and the cloud associated with the SNR IC 443). At low densities, HCO
+ is produced by reactions of C + with molecules such as OH, H 2 O, and O 2 (Graedel et al. 1982) . At high densities (n H2 > 10 5 cm −3 ), the abundance of HCO + decreases as it is lost in proton transfer reactions with abundant neutral molecules. Thus, HCO + is difficult to detect in the densest cores associated with ultracompact H ii regions (see, e. g. Heaton et al. 1993) . If much carbon is initially in the form of C + (as is expected in the case of the Magellanic Clouds with their strong interstellar UV radiation fields), shocks lead to an increase in HCO + behind a shock front (Mitchell & Deveau 1983) . Farquhar et al. (1994) have discussed the effects of enhanced cosmicray fluxes on molecular abundances. At a given density the increase of HCO + is directly proportional to the enhancement of the ionization. We thus have reason to believe that the high I(HCO + )/I(HCN) ratios are caused by the intense ionization flux from supernovae, coupled with a large extent of the HCO + emission, while the bulk of HCN emission arises from the dense compact cloud cores (see Sect. 4.2.2). Note that such high ionization fluxes are in contrast to results derived from gamma-ray observations, averaged over a far larger volume than our molecular line observations (Chi & Wolfendale (1993) deduced a flux of 15 ± 5% of the Galactic value in the LMC and less than 11% in the SMC). An analysis of the HCN hyperfine components (Sect. 4.2.2) is consistent with a confinement of HCN emission to the cloud cores. Combining this result with a high [C ii]/CO(1-0) ratio toward the 30 Dor nebula, the high I(HCO + )/I(HCN) ratios obtained from several Magellanic giant molecular clouds also suggest that the C + abundance is considerably higher than that in Galac-tic molecular clouds (e. g. Stacey et al. 1991) . This could be a result of higher UV fields and lower metallicity in the LMC and the SMC.
HCN and HNC
Both HCN and HNC have hyperfine structure due to the nuclear magnetic and quadrupole interaction from the spin of the nitrogen nucleus. While the HNC hyperfine components cannot be resolved, it is possible to resolve the HCN hyperfine components if linewidths are sufficiently narrow. The intensity ratios of the HCN hyperfine components, R 02 (F =0-1/F =2-1) and R 12 (F =1-1/F =2-1) are known to deviate from the LTE values. From the observations carried out toward our Galaxy, R 12 has been found to be smaller in giant molecular clouds than the (optically thin) LTE value 0.6. In cold dark clouds, on the contrary, R 02 is often large relative to the LTE value, 0.2, in the optically thin case (see e. g. Harju 1989 ).
To explain the detected deviations from the expected LTE values of the HCN hyperfine ratios, Guilloteau & Baudry (1981) have developed the thermal overlap model, originally presented by Gottlieb et al. (1975) , which offers a reasonable explanation of the intensity ratios in warm clouds. According to this model, even at modest temperatures (30 K), the overlap of the J=2-1 hyperfine transitions leads to overpopulation of the state J=1 F =2, and the J=1-0 F =2-1 line intensity is increased at the expense of the other lines. With increasing temperature, first the ratio R 12 and then also the ratio R 02 becomes smaller than the LTE values. In dark clouds these ratios are, on the contrary, too large as compared with the LTE values, and the hyperfine ratios cannot be explained by the thermal overlap model.
On the other hand, Cernicharo et al. (1984) have considered a model according to which the relative intensities of the HCN hyperfine transitions are formed in a scattering process. The radiation emitted from the cloud clore is scattered in the surrounding envelope. The two optically thick lines, F =2-1 and F =1-1, are scattered more often than the optically thin F =0-1 line. Their emission is therefore spread over the envelope, while the F =0-1 radiation comes more directly from the core. Thus toward the core we should see the F =0-1 line enhanced relative to the other two hyperfine components, while looking slightly aside from the core the F =0-1 line will become too weak. Far away from the core, in the envelope, LTE intensity ratios are expected, if HCN is still strong enough to be observed.
Our data allow to disentangle the HCN hyperfine structure toward N113 and N159HW. Toward these two sources R 12 is 0.61 ± 0.18 and 0.54 ± 0.14, respectively. These values are close to the LTE value, 0.6. However, R 02 is 0.41 ± 0.16 and 0.50 ± 0.14, respectively, which is obviously larger than the optically thin LTE value 0.2. This indicates that the HCN opacity is small (high optical depth would reduce, not increase line intensity ratios). The measured ratios can be explained with the model presented by Cernicharo et al. (1984) , i. e., HCN is probably emitted from the relative cool center of the molecular clouds. This interpretation is consistent with the observed I(HCO + )/I(HCN) ratios (see Sect. 4.2.1). Interstellar I(HCN)/I(HNC) intensity ratios cover a range of at least two orders of magnitude in the Galactic disk. The I(HCN)/I(HNC) ratio directly reflects the abundance ratio because electric dipole moments and rotational constants of these two species are similar. In quiescent cool dark clouds the abundance ratio is close to, or less than, unity (e. g. Churchwell et al. 1984; Harju 1989) . In spiral arm gas clouds (Nyman & Millar 1989) , in the shocked gas associated with IC 443 (Ziurys et al. 1989) , and in warm giant molecular clouds near sites of massive stars formation, (e. g. Goldsmith et al. 1981 Goldsmith et al. , 1986 Schilke et al. 1992) , the ratio increases to values of 2 -100. We find that the I(HCN)/I(HNC) intensity ratio toward H ii regions in the LMC are all larger than 2. Thus values > 1 for the Galactic H ii regions also hold for the giant star forming regions of the LMC. (Table 10) are even more extreme than the value derived by Johansson et al. (1994) for N159 surpassing typical Galactic intensity ratios by a factor of 5. This, combined with the very low I(C 18 O)/I(C 17 O) ratio of 2.0 reported from N159 (Johansson et al. 1994) , indicates an underabundance of C 18 O relative to 13 CO and C 17 O, not only for N159 (Johansson et al. 1994 ) but for other H ii regions in the LMC as well. An underabundance of C 18 O suggests that the interstellar medium of the Magellanic Clouds is, relative to the Galaxy, dominated by low mass (< 8 M ⊙ ) star ejecta (cf. Henkel & Mauersberger 1993; Henkel et al. 1994) . As a consequence, a 'normal' 12 C/ 13 C isotope ratio is expected, in spite of the low metallicity of the Magellanic Clouds (which would, by Galactic studies, imply 12 C/ 13 C > ∼ 100). This is consistent with Johansson et al. (1994) who estimate 12 C/ 13 C ≈ 50.
Model calculations
In order to test some of the conclusions reached above, we have made some pseudo-time-dependent chemical kinetic calculations for molecular clouds with physical parameters appropriate for those in the LMC. We have used the model L2 of Millar & Herbst (1990) for the initial abundances of C, N and O, and adopted a low dust-to-gas ratio, consistent with the low metallicity of the LMC. We have considered cloud densities in the range 3 × 10 3 to 10 cm −3 and taken a kinetic temperature of 30K. We have varied the cosmic-ray ionization rate between 1 and 100 times the Galactic average, and the interstellar UV radiation field between 1 and 10 times the Galactic average. The chemical model, which contains 187 species and 2025 reactions, has been extensively revised since the original LMC calculations of Millar & Herbst (1990) , and now includes ion-dipolar rate coefficients, photoreactions due to the generation of UV photons by the interaction of cosmic rays and H 2 , and the latest data on neutral-neutral reactions . Models with cosmic-ray fluxes greater than 10 times the Galactic average can be ruled out because they generate enough UV photons to destroy molecules efficiently with the result that calculated abundances fall below those observed. The chemistry is less sensitive to the size of the external UV radiation field, since these photons are extinguished by dust in the cloud cores. Table 11 presents the abundances ratios of various molecules for our best-fit calculation. The HCO + /HCN and CS/CN ratios are in good agreement for times ≈ 10 4 -10 5 years, while the CN/HCN abundance ratio is close to those observed ≈ 10 5 years. The HC 2 /HCN ratio is greater than one at these times while the observed ratio is less than one. The HC 2 abundance is very sensitive to the rate coefficient adopted for its major destruction reaction, O + HC 2 → CO + CH, for which we have used k = 10
−10 e −40/T cm 3 s −1 . A rate coefficient in which the activation energy is zero would bring the ratios into much better agreement. Such a possibility is entirely reasonable. Observed
The HCN/HNC abundance ratio calculated is a factor 2 -4 less than the observed line intensity ratio and is very close to one. HCN/HNC ratios greater than 1 generally arise in warm regions (e. g. IC 443), or in spiral arm gas clouds (see Table 10 ). In both cases, the key factor is that HCN is able to form at lower extinctions than HNC, although at high temperatures (T > 100K), HNC may be destroyed more rapidly than HCN. Giant molecular clouds in the LMC and the SMC have relatively larger envelope/core sizes than Galactic clouds because their higher UV fluxes and lower metallicities allow UV photons to penetrate deeper into clouds (Maloney & Black 1988) . Under such conditions, CH n radicals form more efficiently than NH n radicals, while C + , not atomic C, is the dominant form of carbon. Thus the reaction N + CH n → HCN + H n−1 produces HCN faster than the reaction C + NH n → HNC + H n−1 produces HNC.
Our model calculations are capable only of describing the core of the clouds in the LMC. We thus predict that HCN/HNC ratios closer to one should be obtained if one observes at higher frequency, and therefore at higher spatial resolution.
Conclusions
From an investigation of different molecular species toward several H ii regions in both the Large and the Small Magellanic Cloud, we obtain the following main results:
(1) Toward N113 in the LMC we obtain the strongest 12 CO and 13 CO emission so far observed from extragalactic sources on a 45
′′ scale. It is therefore recommended to carry out a detailed investigation of this H ii region. (2) The H 2 mass-to-CO luminosity conversion factors are 1.8 × 10 20 and 2.4 × 10 20 mol cm −2 (K km s −1 ) −1 , for N113 and N44BC, respectively, which are very close to the standard Galactic disk value but smaller than X LMC obtained by the Cohen et al. (1988) study made with a much larger beam. (3) The 13 CO maps of observed H ii regions were used to estimate the gravitational stability. Ignoring magnetic fields, all cores appear to be gravitationally unstable. Disordered 'irregular' magnetic fields of 30 µG to 120 µG would, however, achieve cloud stability. Such values are consistent with observations from Galactic star-forming regions. (4) For the first time, the hyperfine components of HCN have been resolved for an extragalactic source. The normal R 12 but high R 02 values toward N113 and N159HW in the LMC indicate that the HCN line is emitted from a relatively cool dense molecular core. (5) Some of the CN hyperfine components could be identified toward N113 and N159HW. The intensity ratios are close to the LTE values. (6) In the Magellanic Clouds the I(HCO + )/I(HCN) intensity ratios are higher than in most other galaxies (including our Galaxy). This ratio is even higher in the SMC than in the LMC. The relatively strong HCO + emission is consistent with a high ionization flux from supernova remnants and young stars, while HCN is mainly arising from spatially confined dense cloud cores and may be optically thin. (7) In all studied sources of the LMC, the I(HCN)/I(HNC) ratio is > 1 which is consistent with the presence of warm (T kin > 10 K) or shocked gas.
Chemical model calculations suggest I(HCN)/I(HNC) line intensity ratios ≈ 1, when observed with higher (< 30 ′′ ) angular resolution. Only upper limits to HCN and HNC could be obtained from the SMC. (8) The molecular hot spot N159HW has also been seen in radio continuum but not in Hα emission. This may be due to the fact that it is a relatively cold unevolved cloud core, which is consistent with the HCN hyperfine component measurements. (9) An underabundance of 18 O relative to 13 C, suggested by Johansson et al. (1994) for N159, is qualitatively confirmed for several star-forming regions. Apparently, this is a characteristic property of all H ii regions in the LMC.
